In this paper is presented the infinitesimally locally Lorentzian theory of gravitation (ILLTG), which predicts the same experimental results which confirm the GR. Motion in a neighborhood of the center of gravitation is considered. The geodesics between the ILLTG and GR are compared. ILLTG differs from GR mainly in the equations of motion and for v << c the trajectories are almost the same in both theories. Three tests in the solar system are proposed, such that ILLTG and GR predict different results. The mass and energy with respect to ILLTG is considered. The perihelion shift of the binary pulsar PSR 1913+16 is calculated and a cosmological problem is considered.
Introduction
In the paper [8] was presented a new model of gravitational theory, which yields to the same experimental results for motion of a particle in a gravitational field predicted by the general relativity (GR) and which are experimentally verified. In this paper that theory is studied now in many details and a lot new results are presented. In this section will be repeated the basic concepts of the theory given in [8] with some improvements. We convenient to use that x 4 = ict for the time coordinate and orthogonal matrix A with complex elements will mean that AA T = I. First we underline the main difference between the GR and the proposed theory. Let us start from the metric in GR ds 2 = g 11 dX 2 + g 22 dY 2 + g 33 dZ
where g ij can approximately be written in the form g 11 = g 22 = g 33 = 1 + 2 V c 2 , g 44 = 1 − 2 V c 2 , g ij = 0 (i = j).
Here V is the gravitational potential, for example V = GM rc 2 in case of gravitation of a spherical body. Note that the coefficients g ij may not be determined very precisely like in the GR, because we shall use them for metric proportions, but not for equations of motion. Thus, the expressions of type c −4 and less are neglected. Hence, the experiments for the red shift of the spectral lines and the Shapiro time delay, where the Christoffel symbols are not used, are explained in the same way like in the GR.
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The above coordinates X, Y, Z, T will be called ordinary coordinates. In order to consider the equations of motion, we introduce the so called orthonormal coordinates x, y, z, t such that
Further we shall deal mainly with orthonormal coordinates, otherwise it will be emphasized that the coordinates are ordinary. According to the ordinary coordinates, the velocity of the light is equal to c 1 − 2 V c 2 , like in GR, while according to the orthonormal coordinates the velocity of the light is universal constant. Indeed, according to the orthonormal coordinates the space-time in an infinitesimally small neighborhood is flat like in the special theory of relativity (STR), and hence the proposed theory will be called infinitesimally locally Lorentzian theory of gravitation (ILLTG). Note that ILLTG, using orthonormal coordinates, does not describes only gravitation, but also inertial forces (see Ref. [9] ). The ordinary coordinates X, Y, Z, T from ILLTG are analogous to the usual coordinates x, y, z, t from the GR, while the orthonormal coordinates from ILLTG mean that the observer is far from gravitation, where the metric is like in the STR.
Instead of the metric g ij we can use only a potential µ. For example, this potential caused by a spherical body with mass M, whose center is at the coordinate origin and which rests with respect to the chosen coordinate system is µ = 1 + GM rc 2 . Thus, the equations (1.1) will be replaced by
Further we shall present the basic results about the equations of motion in orthonormal coordinates, and naturally then we should return back in ordinary coordinates as natural. This transformation in an infinitesimally small neighborhood is always possible, but in large we can deal with the nonholonomic coordinates.
If two gravitational fields are given by the gravitational potentials µ 1 and µ 2 , then the superposition of those two fields is a gravitational field with potential µ 1 µ 2 . In special case if µ 2 = C is a constant in the space-time, then the motions of particles should be the same like for the field given by µ 1 .
ILLTG is built using a 4-vector potential U i . If the magnitude of this vector changes but its direction is a constant, then there exists a gravitational field and the source of gravitational field is moving with 4-vector of velocity U i / U ; if the direction of this vector changes but its magnitude is a constant, then there exist some inertial forces, for example centrifugal. This 4-vector field can be written in the form (U 1 , U 2 , U 3 , U 4 ) = µ 1 − u 2 /c 2
where u = (u 1 , u 2 , u 3 ) is a 3-vector of velocity and µ is the gravitational potential. Example 1. The STR is characterized by µ = const. and u is a constant vector field. Example 2. The gravitational field of a spherical body with mass M which is at the origin of the coordinate system is given by the vector field (0, 0, 0, µ), where µ = 1 + GM rc 2 . Example 3. If we measure with respect to a noninertial system which rotates around the x 3 axis with angular velocity w, then the 4-vector potential obtains by putting µ = 1 and u = (x 2 ω, −x 1 ω, 0) [9] .
Further we introduce a non-linear connection induced by the 4-vector potential U i . Let us denote by S i j ds the form of connection in the direction of the unit vector V i = dx i /ds. The necessary and sufficient condition for the metric tensor g ij = δ ij to be parallel, is
(
1.3)
Now let us introduce the following tensor
If we denote by V i the 4-vector of velocity of the moving particle, i.e. 5) one can easily verify that the following simple equations 6) which are analogous to the Lorentz force in the theory of electromagnetism, contain inertial accelerations (Coriolis acceleration, centrifugal and transversely acceleration) and gravitation acceleration for Newton approach. In order to obtain a precise theory, we consider the following two tensors
These two tensors together with F ij are invariant under the gauge transformation µ → Cµ, where C is a constant. The tensors F ij and φ ij are antisymmetric and P ij is an orthogonal matrix. It can be verified by using the identities U i U i = µ 2 and V i V i = 1. Now the required connection S ij is introduced by 9) or in matrix form S = −P t φP . Although this connection seems to be very complicated, now we will show the opposite. Indeed, assume that (U i ) = (0, 0, 0, 1) at the considered point. Then
where a = (a 1 , a 2 , a 3 ) = c 2 grad U 4 + ∂u/∂t and w = − 1 2 rot u (1.12)
represent the 3-vector of acceleration and the 3-vector of angular velocity. In that special case (U i ) = (0, 0, 0, 1), the tensor P is given by 13) where V 1 , V 2 , V 3 , V 4 are given by (1.5) and ν = 1+V 4 . Note that the matrix P represents just a Lorentz transformation for the 3-vector −v = (−v 1 , −v 2 , −v 3 ). Now the connection S ij becomes much more clear and acceptable. Remark. Although φ is a tensor, its components have physical meaning given by (1.11) only for U 1 = U 2 = U 3 = 0. On the other hand, the tensor F defined by (1.4) always has components given approximately by (1.10). In case of gravitational field, U 1 = U 2 = U 3 = 0 means that the source of gravitation is in rest with respect to the chosen coordinate system. In this system it is F ij = φ ij assuming that w = 0, and hence it is true in each coordinate system.
Note that the introduced connection S ij is non-linear. The first step of approximation yields to the following linear connection
and where we assumed that (U i ) = (0, 0, 0, 1) at the considered point. This approximation is of order like the GR and the Newton's approximation obtains by replacing the components Γ i jk for i, j, k ∈ {1, 2, 3} with zero. Using this linear connection the curvature tensor is easy to be calculated and in [8] it is shown that the Einstein equations of gravitational field
are satisfied, where the energy-momentum tensor T ij is given by T ij = ρU i U j . It is also shown in [8] that the following equations
analogous to the Maxwell equations, also hold at that order of approximation. Here J i = ρU i is the 4-current density for gravitation, analogous to the 4-current density for the electromagnetism.
Some results for the geodesics according to the ILLTG
In this section we will consider the planetary orbits in the solar system as well as the trajectories of the light rays and obtain some new results. Our coordinate origin will be chosen to be at the center of the Sun. The source of gravitation is in rest to our coordinates system, and we can put U 1 = U 2 = U 3 = 0. We shall assume that the mass of the moving body is negligible with respect to the Sun. The general equations of motion of a body with nonzero mass are given in section 6. We shall deal with the orthonormal coordinates.
where M is the mass of the Sun. Then
and the equations of motion dVi ds = −P ri φ rk P kj for i = 1, 2, 3, 4 without approximation reduce to [8] 
) , (2.2b)
where
. Without loss of generality we assumed that v z = 0 and that the particle moves in the xy-plane. Thus we omit the equation for i = 3.
Remark. Using the formulas (1.1'), and the fact that µ is a scalar which does not depend from the coordinate system (orthonormal or ordinary), it is easy to see that in ordinary coordinates the equations of motion (2.2) become: Remark. Note that if we have not only a gravitational field with a potential µ, but we also have a 3-vector of acceleration (a x , a y , a z ) and a 3-vector of angular velocity (w x , w y , w z ), then in orthonormal coordinates it is
The acceleration which is caused by the gravitational potential µ is included in the 3-vector of acceleration (a x , a y , a z ). Now, using that
from (2.2a) and (2.2b), we obtain
Two cases will be considered.
(i) Assume that v << c, i.e. consider a planetary orbit. Then 2 + 1 β(β+1) ≈ 2, 5 and hence
by neglecting the expressions of order c −4 . The solution of the previous equation is
Further, using the metric (dr)
, and get dρ dϕ
where ρ = r −1 . From (2.2c) we obtain approximately
Hence we obtain
Replacing this value of v 2 into (2.5), after neglecting the summands of order c −4 , we obtain the following differential equation
and hence
where p and q are constants. Indeed,
and r 1 and r 2 are extreme distances (r 1 < r 2 ) from the planet to the center of the Sun. It is well known that C 2 = GM a(1 − ǫ 2 ), where a = (r 1 + r 2 )/2 and ǫ is the eccentricity of the approximate ellipse. Thus,
Assume that ϕ = 0 if ρ = ρ 1 , and hence C 4 = π/2. This equation can be solved by ρ and its solution is
Now it follows that the angle between the points for which ρ = ρ 1 and ρ = ρ 2 is equal to π+
and hence the angle for the perihelion shift is equal to ∆ϕ = 6GMπ ac 2 (1−ǫ 2 ) .
(ii) Let us consider the trajectory of a light ray near the Sun. We denote by R the radius of the Sun. In this case
Analogously to (2.5) we obtain dρ dϕ
and replacing v = c, we get dρ dϕ
We shall prove now that the light has a constant velocity c in a gravitational field, using orthonormal coordinates. Summing up the equation (2.2a) multiplied by 2v x and (2.2b) multiplied by 2v y we obtain dv
Hence, if v 2 = c 2 at one point, then v 2 = c 2 holds on the whole trajectory, because v 2 = c 2 satisfies the previous differential equation and the initial condition. If r = R, then R dϕ dt = c and from (2.9) we get C 2 = Rc exp( 2GM Rc 2 ). By replacing this value of C 2 into (2.10) we get dρ dϕ
By neglecting the expressions of order c −4 we obtain dρ dϕ 12) which is equation of a hyperbola. Note that according to the Newton's theory the trajectory is a different hyperbola:
R 2 c 2 ρ. From (2.12) ϕ can be determined as a function of ρ:
Hence from (2.13) we obtain
It is easy to conclude from (2.13) that the angle of deflection of a light ray near the Sun is equal to
4GM
Rc 2 . This conclusion can be obtained also by the following way. Assume that the light ray is parallel to the x-axis at (0, R, 0, 0). Let us put
Summing up the first equation multiplied by sin α and the second equation multiplied by cos α, we obtain
By putting v = c, µ ≈ 1 and R cos α + vt sin α ≈ R, we get
Although we deduced the main formulas ∆ϕ = 6GMπ ac 2 (1−ǫ 2 ) and ∆α =
Rc 2 by using orthonormal coordinates, they remain unchanged if we use ordinary coordinates.
To the end of this section we shall consider the motion of a particle (with zero mass) under the gravitation of k gravitational objects. Indeed, we have in special case a motion in the solar system with perturbations of the planets and other gravitational bodies. Let m i be the mass of the i-th gravitational object and r i be the distance from its center to the particle. Further, let the 3-vector of velocity of the particle is v = (v x , v y , v z ) and the 3-vector of velocity of the i-th gravitational object is u i = (u ix , u iy , u iz ) and let us put
Let us denote the 4-vector of velocity of the i-th object by
). The tensors F pq and φ pq considered for the i-th object are
(do not sum over i). Now, analogously to (2.3) the equations of motion under the gravitation of the i-th object is given by
If the potential U i is not time dependent, then
Further, after some algebraic transformations, the final equations for the motion of the particle under the gravitation of all objects become
If we put k = 1 and u = (0, 0, 0) we obtain the equations (2.2). The equation (2.19d ) is a consequence of the first three equations and it denotes preserving of energy of the particle.
Representations of the geodesics near the Schwarzschild radii according to the ILLTG
In section 2 were considered the geodesics in polar coordinates with approximation, neglecting the expressions of order c −4 and smaller. In this section we shall consider the geodesics in polar coordinates without approximation, using orthonormal coordinates. Starting from the equation (section 2)
Replacing in this equation that
and further like in section 2 we obtain dρ dϕ
The constant C −2 2 will be determined, assuming that dρ dϕ = 0 at the considered point. Indeed,
, and hence
We convenient to use the short notations
Now, (3.1) can be written in the following forms
Let us denote by f the following characteristic function
and we can consider the function (3.4) only for those ρ, for which v 2 ≥ 0. Two cases are possible and we shall consider them separately.
(i) Assume that C 1 ≥ 1. The case C 1 = ∞, i.e. v = c is included. Physically C 1 > 1 means that if the particle left the gravitational filed and goes into infinity (r = ∞), then it will move with velocity
Thus, if ρ → ∞, then v → c and using the previous inequalities we obtain lim ρ→∞ f (ρ) = 0. We shall find the maximal value of f (ρ). Indeed, f ′ (ρ) = 0 can easily be written in an equivalent form
By differentiating the equality β − ln µ = C 1 , it is easy to get
. Thus, f ′ (ρ) = 0 if and only if GM ρ µ
and after some algebraic transformations it it is equivalent to
The physical meaning of (3.5) is very simple. Indeed, it is easy to verify that the equations (2.2) are verified if a particle moves with velocity v = √ GM ρ on a distance r = 1 ρ on a circle. It is just like in the Newton's theory, but remember that C 1 > 1 which is analogous with 1 2 v 2 − GM ρ > 0 in the Newton's theory and according to it the trajectory is hyperbola, but not a circle. We shall prove that this effect in ILLTG is a "relativistic effect". The equation (3.5) is equivalent to
The graphic of the right side of (3.6) is given on Fig. 1 . Each of these circles has radius in the interval GM and will be called Schwarzschild radius which corresponds to the chosen value C 1 > 1. We shall denote these radii by index s. The graphic of the function f (ρ) is given on figure 2. On fig. 3 is given the graphic of f (ρ) when C 1 = 1. The graphics are compared with the corresponding Newton's case f N (ρ) =
Now according to (3.2) we are able to draw some conclusions for the trajectory. Let be given ρ, v and dρ dϕ at a chosen point. Since ρ and v are known, the constant C 1 (≥ 1) is known and also the function f (ρ) is known. We have the following options and the conclusions follow by Propositions 1 and 2 at the end of this section.
-If
> f (ρ s ), then the equation (3.2) has no solutions for ρ 0 and hence dρ dϕ = 0 will never be achieved and the particle will tend to the center r = 0. This easily can happen for large initial values of
= f (ρ s ), then the particle will move on a circle.
< f (ρ s ), and ρ < ρ s , i.e. r > r s , then the trajectory of the particle will be out of the Schwarzschild sphere (S.s.), it will look like a hyperbola and dρ dϕ = 0 will be achieved once.
.e. r < r s , then the trajectory of the particle will be only inside of the S.s., and it will tend to the center r = 0. The condition dρ dϕ = 0 will be achieved once. According to the previous discussion we see that the S.s. with radius r = r s is a sphere of separation. We shall consider further in more details the motion of a light ray. In this case C 1 = ∞, v = c and ρ s = 
while the equation
Assuming that dρ dϕ = 0 if r = r 0 , we find
The total angle of deflection of a light ray outside the S.s. is equal to
(ii) Assume that C 1 < 1. Physically it means that the particle can not leave the gravitational field because of small energy. In this case f (ρ) is defined only for ρ > ρ * , where ρ * is the solution of the equation
Note that lim ρ→ρ * + f (ρ) = ∞ and lim ρ→∞ f (ρ) = 0. Similarly to the case (i), the condition df dρ = 0 is equivalent to (3.5) and further it reduces to (3.6), but now C 1 < 1. Now three subcases are possible.
(ii a ) Assume that 0, 9313 < C 1 < 1. Then the equation (3.6) has two solutions ( fig. 1) 
Analogously as in the previous cases we have the following conclusions.
> f (ρ s ), then the equation (3.2) has no solutions, such that on the trajectory will never be dρ dϕ = 0. Thus, the particle will tend to the center r = 0. This easily can be achieved if we throw a particle with small velocity which is almost radial motion, and then the particle will come to the center of the Earth, assuming that mass of the Earth is concentrated at a point. According to the Newton's theory the particle will move on an ellipse with large eccentricity.
= f (ρ s ), then two cases are possible. If ρ = ρ s , then the particle will move on a circle on the S.s., while if ρ < ρ s , then the particle will tend to the center r = 0.
< f (ρ s ), then two cases are possible. If ρ < ρ s , then the equation (3.3) has two solutions smaller than ρ s and then the trajectory will be like an ellipse, analogously to the planetary orbits. The distance r to the center of the gravitation satisfies r 1 ≤ r ≤ r 2 , where ρ 1 = 1 r1 and ρ 2 = 1 r2 can be found as solutions of (3.3). On the other hand, if ρ > ρ s , then the particle will remain in the S.s. and will tend to the center r = 0.
= f (ρ c ), then two cases are possible. If ρ < ρ s , then the particle will move on a circle, while if ρ > ρ s , the particle will remain in the S.s. and will tend to the center r = 0.
-If GM . In this case ρ s and ρ c coincide, the graphic of f (ρ) is given on fig. 6 . The discussion is analogous as previous.
(ii c ) Assume that C 1 < 0, 9313. Then the equation (3.2) has no solution and the particle tends to the center r = 0. The graphic of f (ρ) is given on fig. 7 .
At the end of this section we give some global conclusions in condensed form. First note that the Schwarzschild radius is defined for each constant C 1 ≥ 0, 9313, r s belongs to the following segment
and r s for the light rays is equal to GM c 2 . -If at the initial moment the particle is inside the S.s. and the equation (3.2) has a solution ρ > ρ s , then the particle has never been outside the S.s., it will remain in the S.s. and will tend to the center r = 0.
-Suppose that at the initial moment the particle is outside the S.s. If there exists an unique solution ρ of (3.2), such that ρ < ρ s , then the trajectory will look like a parabola or hyperbola and will never pass inside the S.s. If there exist two solutions ρ 1 , ρ 2 , (ρ 1 , ρ 2 > ρ s ), then the motion will look like an ellipse.
-If the equation (3.2) has no solution, then it will never be dρ dϕ = 0 on the trajectory. The particle will tend to the center r = 0. In this case the particle can cut the S.s.
We shall explain why the other cases are not possible. If the equation (3.2) has at least one solution, the trajectory will be axially symmetric with respect to the line which connects the center r = 0 and the point where dρ dϕ = 0. Moreover, the trajectories are "time reversible", which means that if a particle moves in one direction on the trajectory, then it can move also in the opposite direction of that trajectory.
We shall prove the following statements. Proposition 1. If a particle cut the S.s., then inside the S.s. can never be dρ dϕ = 0, and the particle tends to the center of gravitation.
Proof. Assume that ρ, v and Assume that there is a trajectory of elliptic type which is inside the S.s. and let the extreme distances of the particle to the center of gravitation be r 1 = 1 ρ1 and r 2 = 1 ρ2 . Then there will exist a radius r ∈ (r 1 , r 2 ), such that for the same value of C 1 , a new particle can move on a circle of radius r. This is a contradiction with the fact that each S.s. is not contained inside another S.s. because the radius of the S.s. is minimal such that a particle can move on a circle for the same value of C 1 .
Some relationships between the geodesics in ILLTG and GR
In this section we shall find some connections between the planetary orbits according to ILLTG using orthonormal coordinates and GR using the Schwarzschild solution. Namely, we shall show that there are simple transformations which the geodesics from ILLTG map into the geodesics from GR and conversely.
Let us denote by r, ρ = 1 r , ϕ, t the polar coordinates in ILLTG, and by r * , ρ * = 1 r * , ϕ * , t * we shall denote the polar coordinates in GR. Note that in both tests in the solar system (deflection of the light ray near the Sun and the perihelion shift) were measured angles and these angles were the same for ILLTG and GR. This associates us to assume that ϕ * = ϕ, i.e. we can choose the angle ϕ as a common parameter, and then we can find the relationships between ρ and ρ * , as well as between t and t * . These relationships will be found by neglecting the expressions of order c −4 . We convenient to write ϕ instead of ϕ * . Although we shall consider ellipses as planetary trajectories, the obtained results are also true if the trajectory of a planet is a hyperbola or a parabola.
Let us start with the equations
from the ILLTG and GR respectively. The solution of (4.1) we found to be
and the solution of (4.2) is given by
i.e.
By eliminating the angle ϕ from (4.3) and (4.4), we get
and also the converse relation
Now we shall find the analogous equation of (4.1) written in ordinary coordinates. We shall use the letter R for radial distance in ordinary coordinates. Fist let us write the solution (4.3) in the following form
and after differentiating, using that dr
After integration of this equation we get
, where the constant of integration is chosen such that R = R 1 = (ρ 1 ) −1 for ϕ = 0. Further, for elliptic trajectories with small eccentricity we can put ln R R1 ≈ R R1 − 1, and hence
This function R for ϕ = 0 and ϕ =
respectively. Thus, in (4.6) ρ 2 should be replaced by
After some calculations, one can verify that the function R −1 satisfies the equality
The differential equation for R −1 , analogous to (4.1) is given by
Note that if we put r = r * 1 − 
where ρ 1 * = (r 1 + GM c 2 ) −1 and ρ 2 * = (r 2 + GM c 2 ) −1 . The equation (4.8) shows that for v << c, the trajectory of motion in the (r, ϕ) plane is the same with the trajectory according ILLTG using ordinary coordinates.
Further we shall find the relationships between t, t * and T . According to GR it is
and according to ILLTG it is
The quotient of these two equations yields to
Since r * r = 1 + GM ρc 2 (ρ 1 − ρ)(ρ − ρ 2 ) according to (4.5'), and
Moreover, C 3 = 1, because in case of parabola or hyperbola, dt dt * → 1 if ρ → 0. Hence we get
Assuming that the trajectory is elliptic with eccentricity close to 0, then
Moreover, we can find the connection between t * and the ordinary time coordinate T from ILLTG using that dt = 1 +
The formula (4.10) does not show how much the time according to GR is "faster" (or "slower") than the time according to ILLTG, but only a factor for transition from the geodesic of GR into geodesic of ILLTG in ordinary coordinates.
Further we shall compare also the null geodesics, i.e. the trajectories of the light rays. According to (2.14) in ILLTG it is
while according to GR it is [5] 
Hence we obtain ρ * = ρ + GM R 2 c 2 cos ϕ(2 − cos ϕ), (4.13)
i.e. r * r = 1 − GM r R 2 c 2 cos ϕ(2 − cos ϕ). (4.14)
Further, using (4.14) as well as the following two equalities 
The angle of deflection from a point A to a point B when the ray passes near the Sun according to (2.16) in ILLTG is equal to
and also using PPN coordinates GR yields to the same formula (4.16). This value (4.16) is confirmed with a very precise measurements in the recent test with Cassini spacecraft [4] . According to ILLTG, the angle of deflection is always twice larger than the classical Newton's result, and can be explained with the coefficient 2 − β
2) when v = c. Note that this deflection of the light is not a "gravitational effect", because it will appear if we have only an acceleration without gravitation, and ILLTG differs slightly in these two cases when there is a gravitation and there is only simulation of gravitation using inertial forces. About this will be said more at the end of this section.
We shall compare now the radial motions of a particle with large velocity v in a gravitational field. The Newton's relation because in section 6 will be proved that the potential energy for a particle with small mass is equal to
. The equation (4.18) can be written as
is very small, i.e. we consider a weak gravitational field, (4.18) can be written in the form
and hence d dt 2 ), such that the acceleration changes its sign if v > c/ √ 3. We note that ILLTG is very close to the STR. Namely, if we consider a noninertial system without gravitation but there is only a 3-vector of acceleration (a x , a y , a z ) and a 3-vector of angular velocity (w x , w y , w z ), then in the equations of motion (2.3) we should only put µ = 1. This is obtained in the frame of STR, under the assumption that the Jacobi matrices with respect to the inertial systems are orthogonal and hence the coordinates in such a system are unholonomic [9] . The influence of the coefficient µ in (2.2) 
Three proposal tests
After the discussion in section 4 we propose the following tests for which we have different results from ILLTG and GR. Test 1. Let A 1 , A 2 and A 3 are three not close points of a planet orbit or a spacecraft trajectory, and let A 0 OA 1 = ϕ 0 , A 0 OA 2 = ϕ 1 , A 0 OA 3 = ϕ 2 , where A 0 is the perihelion of the planet orbit and O is the center of the Sun. We denote by T 1 and T 2 the times for which the planet comes from A 1 to A 2 and from A 2 to A 3 respectively. We will calculate T 1 : T 2 according to ILLTG and GR, and later can be compared with the experimental results. We shall find T 1 : T 2 where T 1 and T 2 are the proper times for the Earth, where the trajectory of the Earth is observed. Let us denote the proper time for the Earth by τ .
First let us calculate T 1 : T 2 according to ILLTG. From (2.4) we obtain
where ρ is given by (4.3). Using that GM c 2 is close to 0, and replacing
with a new variable, one obtains
After solving these integrals, where ρ =
, we obtain
(5.5)
Now let us calculate T 1 : T 2 according to GR. Using that r 2 * dϕ dτ * = C 1 , and (4.5') we obtain 
where A, C, B and D are given by (5.2-5).
It is convenient to assume that ϕ 0 = 0, ϕ 1 = π/2 and ϕ 2 = π. Then
Remember that both formulas (5.1) and (5.6) are obtained for the observers on the planet whose trajectory is observed. Indeed, it means that these formulas are valid only for the trajectory of the Earth, because we observe from the Earth. Further let us modify these two formulas assuming that the observer is far from gravitation in the solar system. Then, according to ILLTG we obtain
where A, B, C and D were previously determined. Analogously, according to GR instead of (5.6) we have the formula
where A, C, B and D were previously determined. Finally, if we measure from the Earth the trajectory of another planet, then we should modify the formulas (5.1') and (5.6') because the trajectory of the Earth is not a circle, the "speed" of the time is proportional to ( 
2 , where r is the distance from the Earth to the center of the Sun. Thus, let us denote by ν 1 and ν 2 the average values of the "speed" of the time on the Earth during the first and the second time interval. Thus, on the Earth we shall measure the quotient
where T 1 : T 2 is given by (5.1') and (5.6') respectively according to ILLTG and GR.
Note that in this test we should measure only the quotient of long time intervals, large angles and we need also the quotient ρ 1 : ρ 2 = (1 + ǫ) : (1 − ǫ). The perturbations from the other planets, Moon, stars, galaxy and universe (see sec. 8 and Ref. [10, 11] ) are not included in the final results.
Test 2. Let us consider the second Kepler's law, i.e. consider the expression r 2 dϕ dτ on the trajectory, where τ is the proper time. We shall present the formulas assuming that we observe the trajectory of the Earth from the Earth.
According to ILLTG we have
and according to GR (omitting the star indices), it is
where C ′ and C ′′ are constants close to C = GM a(1 − ǫ 2 ). Let P and Q be two points on the orbit and let us denote the corresponding distances to the center of the Sun by r 1 and r 2 respectively. For example, P can be the perihelion of the Earth and Q aphelion. Using the previous formulas according to ILLTG we obtain
and according to GR we obtain
The perturbations from the other gravitational objects are not included in (5.10) and (5.11) .
Note that in the tests 1 and 2 the departure between the GR and ILLTG is proportional to D be the corresponding distances to the i-th gravitational object, m (i) be the mass of the i-th gravitational object, (1 ≤ i ≤ n), M be the mass of the Sun, and let
Assume that the coordinate origin of our coordinate system is at the center of the Sun. Since the trajectories of the planets are close to circles, we can assume that the velocities u i are constant, and hence from (2.19d) we obtain
After some transformations of the equations (5.12), one can obtain with approximation the following equality v
In this test should be verified the equality (5.13). Note that we should have precise measurements of the values
D , but we do not need the constant from (5.12) and we should not have a precise measurement of the mass M in (5.13). As a better approximation of (5.12), if we use that the mass of the considered planet is not close to zero is to use the formulas (6.17), but one can obtain again (5.13) with the same order of approximation. Similar equations of (5.13) can be derived according to GR also.
Note that the equality (5.13) does not change if we consider the perturbations from the universe (section 8).
6 Mass and energy in gravitational field according to ILLTG If a particle with mass m, measured when it is far from gravitational field, has come in a gravitational field with potential µ = 1 + GM rc 2 , then its mass measured from an observer far from gravitation, approximately is equal to
. We convenient in this section that M, m 1 , m 2 , ... will mean proper mass, measured when both the observer and the mass are far from gravitation.
Let us consider two particles with masses m 1 and m 2 . Assume that the distance between their centers is R. Then the gravitational force between them is given approximately by and the acceleration for the particle is a =
, which is in accordance with the formulas in section 2.
The energy which needs to distinguish both objects on a large distance is equal to If we assume in (6.2) that m 1 = M is a mass of a large body for example a star, and m 2 = m has negligible mass compared with M , then according to (6.3) for the potential energy of the particle we get
Later we will return to this formula. In opposite case, if m 1 = m 2 = m, analogously to (6.2) the potential energy is equal to
and the corresponding defect of mass is equal to ∆m = Gm
This energy can be written in the form
which is analogous to the formula for the kinetic energy according to the STR. Further, let us consider the case when R → 0. Namely, we shall consider an "ideal fusion", assuming that both particles are concentrated into points and assuming that R tends to 0. From (6.1) it just follows that the force tends to 8) while the acceleration for each particle is of type
Note that this acceleration does not depend on each of the masses. Probably it does not depend on the nature of these particles, for example their electricity if they are charged. In this case, when R → 0, according to (6.2) for the defect of the mass we obtain 10) such that the mass after an ideal fusion is equal to
Using the differential calculus, it is easy to obtain the following inequalities: 19a,b,c,d ) for each body, where the potential for each pair of bodies is given analogously to (6.16). Indeed, then we have the following system
where (x j , y j , z j ) are the coordinates of the j-th body,
, and
In the general equations (6.17) are not included the perturbations caused by the gravitational radiation. Indeed, using ordinary coordinates we have the same calculations about gravitational waves and loss of energy of the system, like in the GR. For example, we have the same explanation for the decrease of orbit period of the binary pulsars. In section 7 will be tested the equations (6.17) for the periastron shift of the binary pulsar PSR 1913+16.
At the end of this section we shall make some considerations about the atoms of hydrogen and deuterium. First we accept the following convention. If we have a particle with mass m and electricity e, then we convert this electricity into mass ± e √ 4πǫ0G
(the sign depends on the charge positive or negative), such that the Coulon's force f = 1 4πǫ0 e1e2 r 2 can be written as a gravitational force f = G m1m2 r 2 . This mass will be called "charged mass". In order to distinguish the charged mass from the ordinary mass we can write m±i
, where i is the imaginary unit. According to this identification, the mass of the proton is equal to
Let us consider the fusion of two atoms of hydrogen into atom of deuterium. According to the previous discussion, we will obtain the energy
where e = 1, 8594077 × 10
g. Indeed, the ordinary mass is negligible compared with the gravitational mass. If we assume that R = 2 × 10 −13 cm is the distance between the centers of the hydrogen cores just before the fusion, we get energy E = 2, 5670184 × 10 −27 g×c 2 . On the other hand, it is known from the nuclear physics that this energy is about E = 2, 569 × 10 −27 g×c 2 . Further let us consider the question for calculation of the coefficient µ inside the atom. First we should remember that in case of gravitation it is µ = 1 + GM rc 2 , and remember that GM r = v 2 if the particle moves on a circle with velocity v. Hence it is better to write µ = 1 + v 2 c 2 . Now, let us consider the potential µ, when an electron is moving around the core of the atom. If its velocity is approximately v = c/100, then µ ≈ 1 + 100 −2 = 1, 0001. If we consider another particle instead of electron, for example a non charged particle, since the gravitational force is much smaller than the Coulon's force, its velocity around the core will be much smaller and hence µ will be almost 1. Hence the conclusion that the potential µ depends on the nature of the particle, i.e. it is not the same for all particles as it was in the previous paragraphs.
Let us calculate the potential µ for the proton near the core of the hydrogen on a distance 2 × 10 −13 cm. We can not use the formula µ = 1 + Ge Rc 2 where e is charged mass, but should use the following revised formula µ = 1 + Ge Rc 2 λ, (6.19) where the coefficient λ should be such that
It is easy to see that the coefficient λ should be the quotient between the charged mass and the gravitational mass, i.e. λ = 1, 8594077 × 10 and since both stars have almost equal masses, i.e. M ≈ m, the limit of U becomes
ILLTG and the Hubble constant
The representations in sections 1-7 would not be complete if we skip some cosmological consequences considered in [10, 11] . In this section the basic arguments of [10] from viewpoint of ILLTG will be considered.
In [10] is given a new view of the Hubble law, showing that the Hubble red shift and the anomalous acceleration of Pioneer spacecraft (see Ref. [1, 2, 3] Comparing the formulas (8.1) and (8.2) we obtain
3)
The change of the potential energy in the universe is probably related with the dark energy, which is about 67% of the whole energy in the universe [6] . Some recent measurements show that H is about 72 km/s/Mpc, but we shall accept value of about 82 km/s/Mpc. Since ∂V ∂t < 0, in the past the time in the universe was slower than now, and in future it will be faster than now. Indeed, each second the time is faster approximately λ = (1 + H × 1s) = 1 + On the other hand, in the last decades are considered the motions of the spacecraft Pioneer 10 and 11, by comparing the initial frequency of a signal which is sent from the Earth to the spacecraft and the frequency of the signal which comes back. The frequency of the received signal on the Earth does not fit with the predicted frequency modeled by using the Doppler effect, the position and motion of the spacecraft using the GR and a lot of perturbations [3] . The observations show that appears almost a constant apparent unmodeled acceleration a P ≈ (8, 74 ± 1, 33) × 10 −8 cm/s 2 which seems to act to the spacecraft toward the Sun.
The acceleration a P is introduced by formula (15) in [3] , i.e.
[ν obs (t) − ν model (t)] DSN = −ν 0 2a P t c , where
where ν 0 is the reference frequency, the factor 2 is because of two way data, v model is the modeled velocity of the spacecraft due to the gravitational and other forces, and ν obs is frequency of the retransmitted signal observed by DSN antennae. After time 2t has been detected a small blue shift on the top of the red shift caused by the motion of the spacecraft outwards the Sun. Form (8.4), an unexplained blue shift
is detected, where 2t is the time of the light signal in two directions. Without using the acceleration a P , the anomalous frequency shift can be interpreted by "clock acceleration" −a t = −2, 8 × 10 −18 s/s 2 [3] . This causes just the blue shift given by (8.5) . This model assumes that the time is uniform, but there is only technical problem with the clocks. Although this model gives good explanations for both frequency shift and the trajectories, it is rejected [3] . Many people have noticed that the acceleration a P and the Hubble constant H are related by [3] a P = cH. (8.6) Indeed, if we assume that H=82km/s/Mpc, then from (8.6) it follows a P = 8 × 10 −8 cm/s 2 . Thus we assumed that H=82km/s/Mpc. Now we shall explain the apparent acceleration a P connected with the frequency shift, according to ILLTG. We denote by x, y, z, t the orthonormal coordinates and denote by X, Y, Z, T ordinary coordinates where there is time dependent gravitational potential V = −c orbits are not axially symmetric and the angle from the perihelion to the aphelion is π − HΘ 3ǫπ , while the angle from the aphelion to the perihelion is π + HΘ 3ǫπ . Since the gravitational potential changes permanently, it is natural to assume that it is the fifth dimension [10] . This idea of the fifth dimension is popular and usually the fifth dimension is proportional to the change of mass (see Ref. [7, 12, 13] ).
Note that if we replace V by V − c 2 Ht (tH << 1) in the metric of GR While the Newton's theory is invariant under the gauge transformation V → V + C, and ILLTG is invariant under the gauge transformation µ → Cµ, GR does not posses similar property. The equations of motion are unchanged if we replace the metric g ij by Cg ij , but it can not be correlated with the change of the gravitational potential.
